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(54) System and method for programmatically creating a graphical program 

(57) A system and method for programmati- the existing graphical program, 
cally/dynamically creating or editing a graphical pro- 
gram. A first program may be created, wherein the first 
program specifies creation of a new graphical program. 
When the first program is executed, the new graphical 
program Is programmatically created, in response to 
executing the first program. Thus, during execution of 
the first program, the first program is operable to cause 
creation of the new graphical program. The first pro- 
gram may specify the Inclusion of various objects In the 
new graphical program. For example, the new graphical 
program may have a diagram portion including a plural- 
ity of interconnected nodes which visually indicate func- 
tionality of the new graphical program. The new 
graphical program may also have a user interface por- 
tion Including various user Interface objects. In a related 
embodiment, a first program may specify the modifica- 
tion of an existing graphical program.. When executed, 
the first program causes the existing graphical program 
to be modified, e.g., by modifying various objects of the 
graphical program. The first program may call an appli- 
cation programming interface (API) usable for program- 
matically creating a new graphical program or modifying 
an existing graphical program. The first program may be 
operable to interface with a server program, e.g., a 
graphical programming development environment appli- 
cation, in order to programmatically request the server 
program to create the new graphical program or modify 
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Description 

Field of the Invention 

5 [0001] The present invention relates to the field of graphical programming, and in particularto a system and method 
for programmatically creating a graphical program. 

Description of the Related Art 

[0002] Traditionally, high level text-based programming languages have been used by programmers in writing appli- 
cations programs. Many different high level text-based programming languages exist, including BASIC, C, FORTRAN 
Pascal, COBOL, ADA, APL, etc. Programs written in these high level languages are translated to the machine language 
level by translators known as compilers or interpreters. The high level text-based programming languages in this level, 
as well as the assembly language level, are referred to as text-based programming environments. 
[0003] Increasingly computers are required to be used and programmed by those who are not highly trained in 
computer programming techniques. When traditional text-based programming environments are used, the user's, pro- 
gramming skills and ability to interact with the computer system often become a limiting factor in the achievement of 
optimal utilization of the computer system. 

[0004] There are numerous subtle complexities which a user must master before he can efficiently program a com- 
puter system in a text-based environment The task of programming a computer system to model a process often is fur- 
ther complicated by the fact that a sequence of . mathematical formulas, mathematical steps, or, other procedures 
customarily used to conceptually model a process often does not closely correspond to the traditional text-based pro- 
gramming techniques used to program a computer system to model such a process. In other words, the requirement 
that a user program in a text-based programming environment places a level of abstraction between the user's concep- 
tualization of the solution and the implementation of a method that accomplishes this solution in a computer program. 
Thus, a user often must substantially master different. ski lis in order to both conceptually model a system and then to 
program a computer to model that system. Since a user often is not fully proficient in techniques for programming a 
computer system in a text-based environment to implement his model, the efficiency with which the computer system 
can be utilized to perform such modeling often is reduced. * 
[0005] Examples of fields in which computer systems are employed to model anoYor control physical systems are 
the fields of instrumentation, process control, industrial automation, and simulation. Computer modeling or control of 
devices such as instruments or industrial automation hardware has become increasingly desirable in view of the 
increasing complexity and variety of instruments and devices available for use. However, due to the wide variety of pos- 
sible testing/control situations and environments, and also the wide array of instruments or devices available, it is often 
necessary for a user to develop a program to control a desired system. As discussed above, computer programs used 
to control such systems had to be written in conventional text-based programming languages such as, for example, 
assembly language, C, FORTRAN, BASIC, or Pascal. Traditional users of these systems, however, often were not 
highly trained in programming techniques and/in addition, traditional text-based programming languages were not suf- 
ficiently intuitive to allow users to use these languages without training. Therefore, implementation of such systems fre- 
quently required the involvement of a programmer to write software' for control and analysis of instrumentation or 
industrial automation data. Thus, development and maintenance of the software elements in these systems often 
proved to be difficult 

[0006] U.S. Patent Nos. 4 ; 901 ,221 ; 4,914,568; 5,291 ,5B7; 5,301 ,301 ; and 5,301 ,336; among others, to Kodosky et 
al disclose a graphical system and method for modeling a process, i.e., a graphical programming environment which 
enables a user to easily and intuitively model a process. The graphical programming environment disclosed in Kodosky 
et al can be considered the highest and most intuitive way in which to interact with a computer. A graphically based pro- 
gramming environment can be represented at a level above text-based high level programming languages such as C, 
Pascal, etc. The method disclosed in Kodosky et al allows a user to construct a diagram using a block diagram editor! 
such that the diagram created graphically displays a procedure or method for accomplishing a certain result, such as 
manipulating one or more input variables to produce one or more output variables. In response to the user constructing 
a data flow diagram or graphical program using the block diagram editor, data structures may be automatically con- 
structed which characterize an execution procedure which corresponds to the displayed procedure. The graphical pro- 
gram may be compiled or interpreted by a computer using these data structures. Therefore, a user can create a 
computer program solely by using a graphically based programming environment This graphically based programming 
environment may be used for creating virtual instrumentation systems, industrial automation systems, modeling proc- 
esses, and simulation, as well as for any type of general programming. 

[0007] Therefore, Kodosky et al teaches a graphical programming environment wherein a user places or manipu- 
lates icons in a block diagram using a block diagram editor to create a data flow "program." A graphical program for con- 
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trolling or modeling devices, such as Instruments, processes or industrial automation hardware, is referred to as a 
virtual instrument (VI). In creating a virtual instrument, a user may create a front panel or user interface panel. The front 
pane! Includes various front panel objects, such as controls or indicators, that represent or display the respective Input 
and output that will be used by the graphical program or VI, and may Include other Icons which represent devices being 
5 controlled.: When the controls and indicators are created in the front panel, corresponding icons or terminals may be 
automatically created in the block diagram by the block diagram editor. Alternatively, the user can place terminal icons 
or input/output blocks In the block diagram which may later cause the display of corresponding front panel objects In the 
front panel, either at edit time or at run time. 

[0008] During creation of the graphical program, the user selects various functions that accomplish his desired 
w result and connects the function Icons together. For example, the functions may be connected in a data flow and/or con- 
trol flow format The functions may be connected between the terminals of the respective controls and Indicators. Thus 
the user creates or assembles a data flow program, referred to as a block diagram, representing the graphical data flow 
which accomplishes his desired function. The assembled graphical program may then be compiled or interpreted to 
produce machine language that accomplishes the desired method or process as shown in the block diagram. 
75 [0009] A user may input data to a virtual instrument using front panel controls. This Input data propagates through 
the data flow block diagram or graphical program and appears as changes on the output Indicators. In an instrumenta- 
tion application, the front panel can be analogized to the front panel of an instrument In an industrial automation appli- 
cation the front panel can be analogized to the MMI (Man Machine Interface) of a device. The user may adjust the 
controls on the front panel to affect the Input and view the output on the respective indicators. Alternatively, the front 
20 panel may be used merely to view the Input and output, and the input may not be interactively manipulate by the user 
during program execution. 

[0010] Thus, graphical programming has become a powerful tool available to programmers. Graphical program- 
ming environments such as the National Instruments LabVIEW product have become very popular. Tools such as Lab- 
VI EW have greatly increased the productivity of programmers, and increasing numbers of programmers are using 

25 graphical programming environments to develop their software applications. In particular, graphical programming tools 
are being used for test and measurement, data acquisition, process control, man machine Interface (MMI), supervisory 
control and data acquisition (SCADA) applications, simulation, and machine vision applications, among others. 
[0011] As graphical programming environments mature and grow in popularity and complexity, It becomes increas- 
ingly desirable to provide high-level tools which help a user create or edit a graphical program. It also becomes increas- 

30 ingly desirable to integrate graphical programming environments with other applications and programming 
environments. In many cases, the desired tools or the desired integration with other applications requires an ability to 
dynamically or programmatically generate or edit a graphical program or a portion of a graphical program. 
[0012] As described above, a user typically creates a graphical program within a graphical programming environ- 
ment by Interactively or manually placing icons or nodes representing the desired blocks of functionality on a diagram, 

35 and connecting the Icons/nodes together to represent the data flow of the program. The ability to programmatlcalty cre- 
ate/edit graphical programs enables a graphical program to automatically be created/edited without this type of interac- 
tive user intervention. A system and method for programmatically creating/editing graphical programs is described 
herein. 

40 Summary of the Invention 

[0013] One embodiment of the present Invention comprises a computer-Implemented system and method for pro- 
grammatically/dynamically creating or editing a graphical program. In one embodiment, a first program or client pro- 
gram Is created, wherein the first program specifies creation of a new graphical program, in other words, when the first 

45 program is executed, the first program is operable to programmatically create the new graphical program. The graphical 
program may be programmatically created with little or no user input specifying the new graphical program during this 
creating. - 
[0014] In various embodiments, the new graphical program that is created may be a graphical program of any of 
various types, e.g., a graphical program created specifically so that a particular graphical programming development 

so environment is operable to edit and/or execute the graphical program. The new graphical program may include a plu- 
rality of graphical program objects. For example, the new graphical program may have a diagram portion including a plu- 
rality of interconnected nodes which visually indicate functionality of the new graphical program. The new graphical 
program may also have a user interface portion including various user Interface objects, such as one or more user inter- 
face panels having controls for specifying user input to the graphical program and/or indicators for displaying output 

55 from the graphical program. 

[0015] * The first program may be a program of any of various types. For example, the first program may be a text- 
based program, such as a program written using C, C++, Java, Basic, or another text-based programming language. 
Also, the first program may itself be a graphical program. The first program may call an application programming inter- 
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Rgure 3 is a block.diagram of the computer system of Figures 1 , 2A and 2B- 
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grammatically create or edit a second graphical program; 

Figure 21 illustrates user Interface controls which may be placed on a front panel in order to interactively obtain a 
reference to a server program or a graphical program to edit; 

Figures 22 and 23 illustrate how a user may select graphical program objects to create or edit by choosing from 
s hierarchical menus; 

Figure 24 Illustrates a simple client graphical program that creates the graphical program of Figures 5A and 5B; 
Figures 25 and 26 illustrate a slightly more complex example of a graphical program than the program of Figures 
5A and5B; 

Figure 27 illustrates a graphical program client that creates the graphical program of Figures 25 and 26; and 
w Figures 28-30 illustrate dialog boxes for configuring one embodiment of a server program. 

[0022] > While the invention is susceptible to various modifications and alternative forms specific embodiments are 
shown by way of example in the drawings and are herein described in detail. It should be understood however, that 
drawings and detailed description thereto are not Intended to limit the invention to the particular form disclosed. But on 
is the contrary the invention is to cover ail modifications, equivalents and alternative following within the spirit and scope 
of the present Invention as defined by the appended claims. 

Detailed Description of the Preferred Embodiment 

20 Figure V- Computer System Connected to a Network 

[0023] Figure 1 illustrates an exemplary computer network In which a computer system 82 is connected through a 
network 84 to a second computer system 86. The computer system 82 and the second computer system 86 can be any 
of various types, as desired. The network 84 can also be any of various types, including a LAN (local area network), 

25 WAN (wide area network); or the Internet, among others. : 

[0024] * The computer system 82 Includes or stores a client computer program that programmatjcally creates or 
edits a graphical program or a portion of a graphical program. As described above, the client program may use an API 
to call a server program, such as a graphical programming environment application, which performs the actual opera- 
tions of creating or editing the graphical program. The server program may reside on the computer system 82 or on the 

30 second computer system 86. The client program may Interface with the server program indirectly through a proxy com- 
ponent, such as an ActiveX component The proxy component may reside on the computer system 82 or on the second 
computer system 86 or on a third computer system-connected to the network 84. 

[0025] * The client, server, and proxy software programs/components may be Implemented in any of various ways, 
including procedure-based techniques, component-based techniques, and/orob]ect-oriented techniques, among oth- 
35 ers. The programs may be written using any combination of text-based or graphical programming languages. Also, the 
programs may be written using distributed modules or components so that each of the client, server, and proxy may 
reside on any combination of computer system 82, computer system 86, and other computer systems connected to the 
network 84. 

40 Figures 2A and 2B - Instrumentation and Industrial Automation Systems 

[0026] Figures 2A and 2B Illustrate exemplary systems which may store or use client/server/proxy programs for 
programmatlcally- creating/editing graphical programs for instrumentation, process control, or other purposes. These 
programs may of course be stored In or used by other types of systems as desired. 

45 [0027] Figure 2A illustrates an instrumentation control system 100. The system 100 comprises a host computer 
1 02 which connects to one or more instruments. The host computer 1 02 comprises a CPU, a display screen, memory, 
and one or more input devices such as a mouse or keyboard as shown. The computer 102 connects through the one 
or more Instruments to analyze, measure; or control a unit under test (UUT) or process 150. The host computer 102 
may store client, server, and/or proxy computer programs or components for programmaticaily creating or editing a 

so graphical program, such as a graphical program which interacts with or controls the one or more instruments. In other 
words, the computer 1 02 may be either of computers 82 or 86. 

[0028] The one or more instruments may include a GPIB instrument 112 and associated GPIB interface card 122, 
a data acquisition board 1 14 and associated signal conditioning circuitry 124, a VXI Instrument 1 16, a PXI instrument 
1 1 8, a video device 1 32 and associated image acquisition card 1 34, a motion control device 1 36 and associated motion 
55 control interface card 1 38, and/or one or more computer based Instrument cards 142, among other types of devices. 
[0029] The GPIB instrument 112 is coupled to the computer 102 via the GPIB interface card 122 provided by the 
computer 102. In a similar manner, the video device 132 is coupled to the computer 102 via the image acquisition card 
134, and the motion control device 136 is coupled to the computer 102 through the motion control interface card 138. 
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which executes instructions from a memory medium. 

[0039] In one embodiment; the client program, server program, and/or the resulting graphical program that is cre- 
ated or edited are designed for data acquisition/generation, analysis, and/or display, and for controlling or modeling 
instrumentation or industrial automation hardware. For example, in the preferred embodiment, the server program is the 
s National Instruments LabVIEW graphical programming environment application, which provides specialized support for 
developers of instrumentation applications. The client program may also be a program involved with instrumentation or 
data acquisition. 

[0040] However, it is noted that the present invention can be used for a plethora of applications and is not limited to 
instrumentation or industrial automation applications. In other words, Figures 2A and 2B are exemplary only, and graph- 
to leal programs for any of various types of purposes may be generated or edited by client/server/proxy programs for any 
of various types of purposes, where the client/server/proxy prrograms are stored in and execute on any of various types 
of systems. For example, a spreadsheet program may act as a client program and may use the API described herein to 
dynamically generate a graphical program which analyzes spreadsheet data and displays the results of the anatysis to 
a user. 

15 

Rgure 3 - Com puter System Block Diagram 

[0041] Rgure 3 is a block diagram of the computer system illustrated in Rgures 1 , 2A and 2B. It is noted that any 
type of computer system configuration or architecture can be used as desired, and Figure 3 Illustrates a representative 

20 PC embodiment It is also noted that the computer system may be a general purpose computer system as shown in 
Rgures 2A and 2B, a computer implemented on a VXI card Installed in a VXI chassis, a computer implemented on a 
PXI card Installed in a PXI chassis, or othertypes of embodiments. The elements of a computer not necessary to under- 
stand the present invention have been omitted for simplicity. - 
[0042] The computer 1 02 includes at least one central processing unit or CPU 1 60 which is coupled to a processor 

25 or host bus 162. The CPU 1 60 may be any of various types, including an x86 processor, e.g., a Pentium class, a Pow- 
erPC processor, a CPU from the SPARC family of RISC processors, as well as others. Main memory 166 is coupled to 
the host bus 162 by means of memory controller 164.^ 

[0043] The main memory 1 66 stores computer programs according to the present invention. The main memory 1 66 
also stores operating system software as well as the software for operation of the computer system, as well known to 

30 those skilled In the art The computer programs of the present invention will be discussed in more detail below. 

[0044] The host bus 162 is coupled to an expansion or input/output bus 170 by means of a bus controller 168 or 
bus bridge logic. The expansion bus 170 is preferably the PCI (Peripheral Component Interconnect) expansion bus, 
although other bus types can be used. The expansion bus 170 Includes slots for various devices such as the data acqui- 
sition board 1 1 4 (of Rgure 2A), a GPIB interface card 122 which provides a GPiB bus interface to the GPIB instrument 

35 112 (of Rgure 2A); and a VXI or MXI bus card 186 coupled to the VXI chassis 1 1 6 for receiving VXI instruments. The 
computer 102 further comprises a video display subsystem 180 and hard drive 182 coupled to the expansion bus 170. 

Rgures 4 - 5: Interactive Creation of a Graphical Program bv a User 

40 [0045] Rgure 4 is a flowchart diagram Illustrating one embodiment of how a user may Interactively or manually cre- 
ate or edit a graphical program. As shown in the flowchart and described below, the user manually adds various objects 
to a graphical program, connects them together, eta In contrast, the present invention comprises a system and method 
for programmatically creating or editing a graphical program without requiring this type of user interaction. 
[0046] 1 In the embodiment shown in Rgure 4, the steps axe performed by a user creating or editing a graphical pro- 

45 gram in a graphical programming environment As shown, in step 420 the user may create or edit a user interface panel 
for displaying a graphical user interface. The user interface panel may comprise controls for accepting user input, dis- 
playing 1 Information such as program output, or both. For example, the user interface panel may Include buttons, 
selectable fists,- text boxes, graph controls, images, eta A user may "drop" various controls or other objects onto the 
user interface panel, e.g., by selecting the desired control from a control palette. Rgure 5A Illustrates a simple user 

so interface panel. Step 420 is not necessarily performed. For example, a user interface panel may not be desired, a user 
interface panel may be inherently speclfiedduring creation of the block diagram, or a user interface panel may automat- 
ically be created as the user creates the executable portions of the graphical program. 

[0047] A graphical program may include a block diagram comprising objects referred to herein as "nodes" which are 
connected together to model the program execution logic and data flow or control flow. A block diagram node may be 
55 displayed as an icon representing the type or functionality of the node. Rgure 5B illustrates a simple block diagram. As 
a user adds objects to the user interface panel, the graphical programming environment may automatically create a cor- 
responding object on the block diagram. Such block diagram nodes which correspond to user interface panel objects 
are referred to herein as user interface nodes. For example, the Rgure 5B block diagram node labeled "The result of 
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2.0 + 3.0 was:" is a user interface node corresponding to the Figure 5A user interface output indicator User interface 
■SK? T 6 ** T* ° thSr ^ ° r n0d6S the blook rf,a 9 ram to in the pmgram 5S5 

JSS^^Sr^rr*^ T d o ^ maP lnpUt/0UtpUt between a user interfaoe P* nel and ■ * diag™. For 
SSi^T™.^**" «- the data in the corresponding useHnterface 

D ™L tII?^ ° f n91 ? 4 ' " Ser BddS ° th6r ob J ects/nodes to "« edte other objects/nodes of the graphical 
program These objects or nodes may include function nodes which perform predefined functional operations such i 

E^£S£T* , *»■**■■»• in Figure 5B uses an addition function node to aSS. two £22 

E!: r .°* >r ^|» of " od f may be added include subprogram nodes for calling a graphical subprogram ' 

S htir, 68 d c eflnin9 ^ USin9 Variabl6S ' 6tC - ,n 422 ' the user ma V ■*» others 
I °T Pr ° 9ram - F ° r eXample • 0b]eCtS re P resen «ng Pragrammatlc structures such as for loopTwhlte 
loops case structures, etc. may be added. The user may add nodes and other types. of objects.to a graphical program 

iSSSTT. e " 9 " ^ SeleCBn9 8 " 0de ° r ° bjeCt *** 8 Pa ' ette that ^P'aysTcons raprasenting 
InS'bei™^ 

in detail below. In one embodiment, a graphcal program may use the API by Incorporating specialized nodes to create 
d3bed b 9 E Pro9ram ' ^ ^ t0 " 6dit ° bJeCte ° f 8 grapWC?al ^ «P*Wn£Z2 

H, f CP I 24 ° f 4 the USer COnneCtS 0r " wires " ^graphical program objects In order to, achieve the 
^executailelogi^ 

S ^ir^"^ 6 0U, P Uttemi,nal «* ° ne nodetothein P ut.termlnal ; of,another node, etc. F^SS 
trates one embodiment of.howobjects may be connected. In *fe example, .outputterminals of the tWo numericconstart 

30 in %^ indicator ^ 

SK^*/ Whi ' e l0 ° P ^ COmpriSe 3 COndftion tern « 0 which an outputterminSTa Zl 
supplying a boolean value.may be connected to signify when the loop should end 

[0053] In step 426 of Figure 4, the user saves or runs the graphical program. The graphical program may be saved 

^ETir 9ram r',* 6 relationshi P s amo "9 »• e '^ents, and the data structures may be saved In a Ey o 
ext format If the graphical program includes user interface panels, these panels may also be saved In step She 

2ZSZ2SS' 9raPhiCal Pro9ram - ^ ^ may mn "» graphiCal ™™ ,n ^y of Ja ousmys. For 
ntTS"* P^mm.ng environment may allow a program to be run from within the development env ron- 

ment, or the user may create a standalone program and run the program etc 

ESS c 11 ' B n0t , 8d that ^ 420 thr ° Ugh 426 typica " y occur ln an Kerative manner and typically occur in various 
orders. For example, a. user may add a user interface control to a user Interface panel, then ^nne« a uTb£ta. 
node correspondmg to the.contro. to another node, then add and connect a function node to the prog™ Ten ruSe 
program to test ft, then change the way a node is connected, etc. Thus, the flowchart of Figure 4 STp'lan Ta™va° 

grams or us. ng different embodiments of graphical program development environments. 

10055] ^Also, Figure 4 illustrates one embodiment of how a user may create/edit a graphical program and the proc- 
ess may differ for other embodiments. As described above, a cflent program, which maybe a grapSpragram Z 
Inte n%ce wrth a server program, directly or through a proxy program or component, in orderto programmSrcraate 

P 9 reqUe ? creatin 9 /editin 9 *e graphical program. In the preferred embodiment, the gra P 3prc- 
gramming env.ronmerrt is the LabVIEW graphical programming environment available from National InsLmente For 
and ^1 ? °lf r LabVIEW ****** e nvironment and tts abifities to create 

SSST: T F* Pm9ram f• P ' eaSe refer t0 LlWIEW I*™ Mentation avaifable from n5Z 
Instruments, as well as the patent applications incorporated by reference above. 
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Fi gure 6 • Programmatic Creatio n of a Graphical Program 

[0056] Figure 6 is a flowchart diagram illustrating one embodiment of a method for programmatically creating a 
graphical program. In step 450, a first program is created, wherein the first program specifies creation of a new graph- 

5 leal program. In other words, when the first program is executed, the first program is operable to programmatically cre- 
ate the new graphical program. The'graphtcal program may be programmatically created with little or no user input 
specifying the 1 new graphical program during this creating. In one embodiment; the graphical program is programmati- 
cally created with no user input required. In another embodiment, the user may be prompted for certain decisions during 
programmatic creation, such as the type of graphical program, the look and feel of the user interface in the graphical 

w program, the number or degree of comments contained within the graphical program, etc. 

[0057] In various embodiments, the new graphical program that is created may be a graphical program of any of 
various types, e.g., a graphical program created specifically so that a particular graphical programming development 
environment is operable to edit and/or execute the graphical program. The new graphical program may include a plu- 
rality of graphical program objects. For example, the new graphical program may have a diagram portion Including a plu- 

15 rality of Interconnected nodes which visually indicate functionality of the new graphical program. The new graphical 
program may also have a user interface portion including various user interface objects, such as one or more user inter- 
face panels having controls for specifying user input to the graphical program and/or indicators for displaying output 
from the graphical program. 

[0058] The first program that is created in step 450 may be a program of any of various types. For example, the first 
20 program may be a text-based program* such as a program written using C, C++, Java, Basic, or another text-based pro- 
gramming language. Also, the first program may Itself be a graphical program. For example, the first program may be a 
program Interactively created by a user, e.g., as described above with reference to Figures 5A and 5B. As described 
below, the first program may call an application programming interface (API) usable for programmatically creating the 
new graphical program. For example'fa text-based program may include text-based code for calling various API func- 
25 tions or methods, while a graphical program may include various graphical nodes supported by the API. 
[0059] In step 452, the first program is executed. 

[0080] In step 454, the new graphical program Is programmatically created, In response to executing the first pro- 
gram. Thus, during execution of the first program, the first program is operable to cause creation of the new graphical 
program; As described above, the first program may specify the inclusion of various objects in the new graphical pro- 
30 gram. The first program may also specify other aspects of the graphical program, such as: interconnections between 
diagram objects, connections between diagram objects and user interface objects, positions of objects, sizes of objects, 
and properties or configuration of objects (e.g., configuration of data types, parameters, etc.), among other aspects of 
the graphical program. v . -« ' •• ••• 

[0061] - In one embodiment/the first program may Include all executable logic necessary for programmatically cre- 
35 ating the new graphical program. However, In the preferred embodiment, the first program is operable to interface with 
a server program, e.g:,- a graphical programming development environment application, in order to request the server 
program to create the new-graphical prograrh. For example, the first program, may call a graphical program creation API 
supported by the server'program. In response to receiving these API calls, the server program is executable to create 
the specified graphical program. The server program may execute on the same computer system' as the first program 
40 or may execute on a different computer system, e.g., a different computer system connected by a network. > 

[0082] The method of Figure 6 is illustrated and is described above in terms of creating a new graphical program. 
It is noted that a similar method may be used to modify an existing graphical program. In other words, instead of spec- 
ifying creation of a new graphical program, the first program specifies the modification of an existing graphical program. 
When executed, the first program is then operable to programmatically modify the existing graphical program. For 
45 example, the first program may include a reference to the existing graphical program and may include various API calls 
to modify the graphical program, e.gi/ by adding one or more objects to the graphical program, changing connections 
between graphical program objects/changing various properties of graphical program objects, etc 

Figure 7 - Client Program Accesses Server Program Through an API 

50 

[0063] Figure 7 is a block-diagram illustrating the abstract relationship between a client program 502 (e.g., the first 
program illustrated in Figure 6), an API 504 to programmatically create/edit a graphical program, and a server program 
506. As noted above, the client program 502 may be any of various types of programs. For example, the client program 
502 may be a graphical program. The client program 502 may also be a text-based program such as a C++ program, a 
55 Visual Basic program, a Java program, etc., or any combination of these or other languages. The client program 502 
may execute independently or may execute within an execution subsystem of an application development environment 
[0064] The client program 502 may call the API 504 in any of various ways. For example, a client graphical program 
may include graphical nodes corresponding to the API 504. One embodiment of a set of graphical nodes which a client 
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standalone program operable to create/edit a graphical program. 

[0074] Figure 9 Illustrates the general relationship in which a client program references a service object via an ORB. 
The ORB may be any of various ORBs, such as the ActiveX/DCOM system, a CORBA system, a Java application envi- 
ronment, etc. The orient program 502 requests a reference to the graphical program service 506 from the ORB 534. The 

s ORB may create a proxy stub 532 for the client program 502 and a server stub 536 for the graphical program service. 
As shown In Figure 9, the proxy stub 532 may communicate through the ORB infrastructure 534 with the server stub 
536, and the server stub 536 may interface with the graphical program service 506. The proxy stub 532 may comprise 
API functions/methods to create/edit a graphical program which the client program 502 may invoke, and the ORB may 
transparently cause the graphical program service 506 to execute the corresponding functions/methods. 

w [0075] As an example, the ORB 532 may be the ActiveX/DCOM system, the client program 502 may be an auto- 
mation client program, such as a Visual Basic automation client, and the graphical program service 506 may be an 
ActiveX component provided by a graphical programming environment In this example, the client program 502 may 
create a reference to the ActiveX graphical program service component in the standard way and may invoke methods 
on the component to create/edit a graphical program. The ActiveX component may then- execute appropriate portions 

is of the graphical programming environment code in order to perform the requested operations. As another example, the 
ORB may be a Java application environment, and the client program 502 and the graphical program service 506 may 
be Java programs. In this example, the client program 502 may request an interface to the graphical program 506 and 
may use the interface to request the graphical program service 506 to create/edit a graphical program. 
[0076] The block diagram of Figure 9 illustrates a general architecture in which the client program 502 communi- 

20 cates with a graphical program service 506 via intermediate software proxies or components. Various elements of Fig- 
ure 9 may not be present, or various other elements may also be present, as appropriate for particular embodiments. 
In the preferred embodiment, the graphical program service Is a software component such as an ActiveX component 
which is* provided by the LabVIEW graphical programming environment for client programs to use to programmatlcalry 
create/edit graphical programs: -" 

25 ■ 

Figures 1 0 - 23: VI Server Functions - ■ 1 " 

[0077] The server program 506 of Figure 7 is operable to receive requests to create/edrt a graphical program from 
a client and perform the actual operations of creating/editing the graphical program. In the preferred embodiment; the 

30 server program of Figure 7 is an application Instance of the LabVIEW graphical programming environment As noted 
above; the LabVIEW environment provides specialized support- for developers of instrumentation and industrial auto- 
mation applications, and a LabVIEW graphical program may be referred to as a virtual instrument or VI. The LabVIEW 
environment comprises functionality referred to as "VI Server" which enables client programs to communicate with the 
LabVIEW environment The VI Server functionality enables client programs to create or edit a LabVIEW graphical pro- 

35 gram or VI. .. ... 

[0078] A client program which requests LabVIEW to create/edrt a VI may Itself be a VI. A client VI may include par- 
ticular nodes in the VI which utilize the VI Server functionality of a LabVIEW instance to request the LabVIEW instance 
to create a new VI, add objects to the VI, etc. These nodes are described In Figures 1 0-23 below, and Figures 24-27 
illustrate exemplary uses of these nodes. LabVIEW also provides components such as ActiveX components which ena- 

40 ble text-based programs such as Visual Basic programs, Visual C++ programs, eta to access the VI Server functional- 
ity. In the preferred embodiment, these components enable text-based programs to perform all of the functions 
described below. 

[0079] It is noted that, although the Implementations of the blocks shown In Figure 7 are described with reference 
to the preferred embodiment of LabVIEW and VI Server, these Implementations may differ In other embodiments. 

45 

Figure 10 - Open App lication Reference Node 

[0080] Figure 1 0 Illustrates the Open Application Reference node. The Open Application Reference node returns a 
reference to a VI Server application running on the specified computer. If an empty string is specified for machine 
so name, then the node returns a reference to the local LabVIEW application in which this function is running. If a machine 
name is specified, then the node attempts to establish a TCP connection with a remote VI Server on that machine on 
the specified port ' ■ ■ 

[0081] The application reference output can be used as an input to the Property and Invoke nodes described 
below to get or set properties and Invoke methods on the application. The application reference output is used as the 
55 input to the Open VI Reference function to obtain* references to Vis in that application. The reference is closed with the 
Close Application or VI Reference function. If the user forgets to close this reference, the reference closes automatically 
when the top level VI associated with this function finishes executing. However, closing the reference operates to con- 
serve the resources involved In maintaining the connection. 
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[0082] The following describes the Inputs and outputs of the Open Application Reference node: 

machine name is the address of the computer that runs a copy of LabVIEW to which it is desired to establish a 
connection. This address can be in dotted decimal notation (such as 130.164.15.250) or domain name notation 
5 (such as foo.natinst.com). An empty string will cause this function.to return a reference to the local LabVIEW. The 

machine name input enables client programs to communicate with a VI Server instance running on any computer 
connected to the Internet . 

port number is the port on which the remote LabVIEW application is listening. If port number is not wired the 
default VI Server listener port number (e.g., 3363) is used. , . .' 

w error in describes error conditions that occur prior to the execution of this function. The default input of this cluster 
is "no error". If the error Boolean of this cluster is True, the Open Application Reference function will do nothing but 
pass through the error via the error out output 
application reference is the reference to the specified application. 

error out contains error information. If error, in indicates amerror, error out contains the same error information 
is Otherwise it describes the error status that this f unction produces. 

Figure 11 - O pen VI Reference N nrte . .. 
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[0083] ,,: Figure 1 1 illustrates the Open VI, Reference node, The Open VI Reference node returns a reference to a VI 
specified by a name string or path to the Vl's location on disk. This reference may then be. used to edit the VI. In the 
current embodiment, references can only be obtained to standard Vis. This excludes Control, Typedef, and Global Vis 
In the preferred embodiment, the Open VI Reference node can be used to obtain a reference to any VI. 
[0084] ;« References to Vis in another LabVIEW application, are obtained by ,wiring ; an application reference 
(obtained from the Open Application Reference function) to this function. In this case, the path input refers to the file 
system on the remote LabVIEW computer. If a reference to the local LabVIEW application is wired the same behavior 
is obtained as if nothing had been wired to the application reference input 
[0085] If editing operations are to be performed on the referenced VI, and the VI has a password-protected dia- 
gram, the password is provided to the password string input If the incorrect password is provided, the Open VI Refer- 
ence function returns an errorand an invalid VI reference.^ no password is provided when.opening a reference to a VI 
30 that is password protected, the reference can still be obtained, operations can only be performed that do notedit the VI 
[0086] If the specified VI is to be called through the.Call By Reference function, a strictly-typed VI reference is wired 
to the type specifier input Ibe function ignores the value of this input. Only the input's type - the connector pane infor- 
mation - is used. By specifying this type, the Open VI Reference function verifies at run.tune that the referenced Vl's 
connector pane matches that of the type specif ier input 
35 [0087] If a Generic VI ref num type is wired to the type specifier input, this results in the same behavior as if the type 
specifier input had not been wired at all. 

[0088] If the type specifier input is wired with a strictly-typed VI refnum, the VI must meet several requirements 
before the VI reference is returned successfully: 

40 1)The VI cannot be broken for any reason. 

2) The VI must be runnable as a subVI, that is, it cannot be active as a top-level VI (unless the VI is re-entrant) 

3) The connector pane of the VI must match that of the type specifier. 

[0089] ff the user forgets to close this reference using a close reference node, the reference closes automatically 
when the top-level VI associated with this function finishes executing. However, closing the reference operates to con- 
serve the resources involved in maintaining the connection. 

[0090] If a strictly-typed reference to a reentrant VI is obtained, a dedicated data space is allocated for that refer- 
ence. This data space is preferably always used and is used only in conjunction with the output VI reference This can 
lead to some new behaviors in LabVIEW. For example, parallel calls (using the Call By Reference node) to a reentrant 
VI using the same VI reference do not execute in parallel, but executes serially, one afterthe other. As another example 
a reentrant VI could get a reference to itself (allocating a new data space) and call itseff recursively through the Call By 
Reference node. It is noted that allocating a data space dynamically is both time consuming and memory consuming 
and is not generally recommended for implementing recursive algorithms. . ... ^ 

[0091] A VI reference is similar to what is known as a function pointer in other languages. However, in LabVIEW 
55 these function pointers also can be used to reference Vis across a network. 

[0092] The following describes the inputs and outputs of the Open VI Reference node: 

application reference is a reference to a LabVIEW application. If this input is left unwired, the reference is to an 
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application on the local version of LabVIEW. If the input is wired, and the reference is to a remote version of Lab- 
VIEW, then the remote LabVIEW is queried to return the VI reference. 

type specifier is used for its data type only. The value of the input is ignored. The data type of the type specifier 
input determines the data type of the vi reference output. VI name or path is polymorphic and can accept a string 
$ containing the name of the desired VI, or a path containing the complete path (including the name) to the desired 
VI. If a name string is wired, then the VI must already be In memory. If a path is wired and the VI is already in mem- 
ory, the VI in memory is obtained, whether its path is the same as the input or not. tf the VI is not in memory, then 
the VI must be at the specified path for this function to succeed. If the VI is at that location, the VI is loaded into 
memory. 

w error In describes error conditions that occur prior to the execution of this function. The default input of this cluster 
is no error. 

password is the plain-text password string for the VI. If the VI is not password protected, the input is ignored. If the 
VI is password protected and an incorrect password is entered, the VI can be referenced, but the VI cannot be 
edited through that VI reference. 
is vl reference is the ref num associated with the requested VI. If the function falls, "not-a-ref num" is returned. 

error out contains error information. If error In indicates an error, error out contains the same error information. 
Otherwise error out describes the error status that this VI produces. 

[0093] If the user specifies a remote version of LabVIEW by the application reference input, the path is Interpreted 
20 on the remote machine In the context of the remote file system. The path is expressed using the local computer's path 
separators, but is translated to the remote computer's path separators when the request arrives there. For example, to 
reference a VI on a Macintosh at My HD:LabVIEW Ws.foo.vi from a Windows application, the Window's path syntax: 
My HD:\LabVIEW VlsUoo.vi would be used. Conversely, to reference a VI on a Windows computer at C:\laMew\foo.vi 
from a Macintosh application, the Macintosh path syntax: C:labviewjoo.vi would be used. 

25 

Haure 12 - New VI Reference Node 

[0094] Figure 12 illustrates the New VI Reference node. The New VI Reference node creates a new VI and outputs 
a reference to the new VI. The following describes the inputs and outputs of the New VI Reference node: 

30 

application reference is an input reference to a local or remote LabVIEW application. Such a reference may be 
obtained from the Open Application Reference node. If this input is left unwired, the reference is to an application 
on the local version of LabVIEW. 

template is a path of or reference to an existing VI to be used as a template for the new VI. If the template input Is 
35 wired, the new VI will be a copy of the template VI. 

vi type specifies the type of VI to create. The possible types are: standard VI, global VI, or control VI. 

error in describes error conditions that occur prior to the execution of this function. The default input of this cluster 

is no error. 

password is the password input for the template VI, if a password-protected VI Is wired to the template Input. If the 
40 template VI is not password protected, the password input is ignored. 

vi reference is the ref num associated with the newly created VI. If the function fails, "not-a-ref num* is returned, 
error out contains error information. If error In indicates an error, error out contains the same error Information. 
Otherwise error out describes the error status that this node produces. 

45 Figure 13 - Open VI Object Reference Node 

[0095] Figure 1 3 illustrates the Open VI Object Reference node. The Open VI Object Reference node outputs a ref- 
erence to an object contained in a VI. The following describes the inputs and outputs of the Open VI Object Reference 
node: 

so 

vi object class specifies the type of object reference to obtain. References to both objects of a front panel (user 
interface panel) and of a block diagram may be obtained. Figure 22 illustrates how a user may choose a value for 
the vi object class input by selecting from a hierarchical menu. For example, a 'slide" value may be chosen to des- 
ignate that the reference to obtain is a reference to a slide user interface control. 
55 owner reference is an input reference to the object that "owns" or "contains" the object for which a reference is to 
be obtained. The owner reference may be a reference to a Vl or to an object within a VI. For example, the owner 
reference may be a reference to a block diagram node, and the reference to be obtained may be a reference to an 
input terminal of the block diagram node. 



13 



EP 1 077 404 A2 

name/order identifies the name or order, e.g. zplane order, of the object for which to obtain a reference The 
name/order input may be a simple string, an array of strings, or a numeric constant An array of names may be used 
If the object is a nested object For example, to access the status boolean of an error cluster in an 'array called 
"myArray", the name array may be: ["myArray", NULL, "status"). 

5 error in describes error conditions that occur prior to the execution of this function. The default input of this cluster 
is no error. 

object reference is an output reference to the object specified by the node inputs. If the function fails "not-a-ref- 
num" is returned. 

error out contains error information. If error In indicates an error, error out contains the same error information 
io Otherwise error out describes the error status that this node produces. 

Figure 14 ■ New VI Object R eference Node 
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[0096] Figure 14 illustrates the New VI Object Reference node. The New VI Object Reference node creates a new 
VI object and outputs a reference to the new VI object. The following describes the inputs and outputs of the New VI 
Object Reference node: 

auto wire is a boolean input specifying whether to automatically wire the terminals of the new object with compat- 
ible terminals of a source object. This input is only applicable for diagram objects,. not user interface objects If this 
Input is wired,then the position/next to input should also be wired. 

vi object class specifies the type of object to create. Botftobjecte for a front panel (user interface panel) and for a 
block diagram may be created. Figure 22 illustrates how a user may choose a value for the. vi object class input 
by selecting from a hierarchical menu. For example, a "slide" value may be chosen to designate .that the ;reference 
to obtain is a reference to a slide user interface control. 

owner reference is a reference to the VI or VI object that will "own" or "contain" the new object For example the 
owner may be the VI, and the new object may be a new function node to add. 

style specifies the style or sub-class of object to create. Figure 23 illustrates how a user may choose a value for 
the style input by selecting from a hierarchical menu. Forexample, if "slide" is chosen as the vi object class input 
then "vertical pointer slide" may be chosen for the style input The style input is ignored if the path input is wired ' 
position/next to specifies a position for the new object. An X-Y coordinate pair may be wired to this input, or a ref- 
erence to an existing object may be wired. If an object reference is wired in, then the new object is positioned next 
to the referenced object. 

error in describes error conditions that occur prior to the execution of this function. The default input of this cluster 
is no error. 

35 path specifies the location of a user control/VI. 

bounds specifies the size of the new object The bounds input is ignored for fixed-size objects. 

Figure 15 - Upcast Reference Norte 

[0097] Figure 15 illustrates the Upcast Reference node. The Upcast Reference node casts the type of a reference 
to an object to the type of a superclass for the object. The following describes the inputs and outputs of the Upcast Ref- 
erence node: r™* 

vi object reference specifies a VI object reference to upcast 

vi object class specifies a class to cast the object reference to. Figure 22 illustrates how a user may choose an 
object class from a hierarchical menu. For example a reference to a vertical pointer slide object may be upcasted 
to a reference tora.general slide object 

upcasted reference is an output reference with the specified class as the reference type information. If the upcast 
fails, "not-a-refnum" is the output value. 
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Figure 16 - Downcast Reference Nnrte 

[0098] Figure 1 6 illustrates the Downcast Reference node. The Downcast Reference node casts the type of a ref- 
erence to an object to the type of a subclass. The following describes the inputs and outputs of the Downcast Reference 
55 node: 

vi object reference specifies a VI object reference to downcast. 

vi object class specifies a class to cast the object reference to. Figure 23 illustrates how a user may choose a class 
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from a hierarchical menu. For example a reference to a general slide object may be downcasted to a reference to 
a vertical pointer slide object: 

error In describes error conditions that occur prior to the execution of this function. The default input of this cluster 
is no error. 

5 downcasted reference is an output reference with the specified class as the reference type information. If the 
downcast falls, ■not-a-refnum" is the output value. 

error out contains error information. If error in indicates an error, error out contains the same error information. 
Otherwise error out describes the error status that this node produces. 

w Figure 17 - Close Applicat ion or VI Reference Node 

[0099] Figure 17 illustrates the Close Application or VI Reference node. The Close Application or VI Reference 
node closes an open VI or the connection to a LabVIEW application instance. The following describes the inputs and 
outputs of the Close Application or VI Reference node: 

application or vl reference is the refnum associated with an open VI or a LabVIEW application instance, 
error In describes error conditions that occur prior to the execution of this function. The default input of this cluster 
is no error. 

error out contains error information. If error In indicates an error, error out contains the same error information. 
Otherwise it describes the error status that this node produces. 

Figure 18 - Call Bv Reference Node 

[0100] Figure 1 8 illustrates the Call By Reference node. The Call By Reference node may be used to call a VI, such 
25 as a VI which has been created programmaticaliy. The Call By Reference node is similarto a sub-VI node in that either 
can be used to call a VI. However, a sub-VI node Is statically linked to a particular VI that the user determines when 
he/she drops the node on the diagram. With the Call By Reference node, the VI that is called is determined dynamically 
at run time by the value of the VI reference wired to the reference input at the top of the node. Thus, the VI which is 
called by the Call By Reference node may be on a different computer. 
30 [01 01 ] The top of the Call By Reference node includes four terminals: an input/output pair of flow through VI refer- 
ence terminals, and an input/output pair of flow through error clusters. The VI reference input accepts wires only from 
strictly-typed VI references. Below these terminals is an area within which a connector pane resides (is displayed) that 
is Identical to that of a VI with its terminals showing (rather than its icon). The connector pane of the strictly-typed VI 
reference input determines the pattern and data types of this connector pane which is displayed in the Call By Refer- 
35 ence node icon. The user wires to these terminals just as he/she would to a normal sub-VI. 

[0102] As long as none of the terminals of the connector pane have wires attached to them, the connector pane will 
adapt automatically to that of the input VI reference's connector pane. However, if any of them are wired, the node does 
not adapt automatically, and the user must explicitly change the connector pane (possibly breaking those wires) by pop- 
ping up on the node and selecting the Adapt To Reference Input menu Item. 
40 [0103] At run time there is a small amount of overhead in calling the VI that is not necessary in a normal sub-VI call. 
This overhead comes from validating the VI reference and a few other bookkeeping details. However, for a call to a VI 
in the local LabVIEW, this overhead should be Insignificant for all but the smallest subVls. Calling a VI located in another 
LabVIEW application (across the network) may involve more overhead. 
[0104] The following describes the inputs and outputs of the Call By Reference node: 

45 

vl reference is the refnum associated with a VI that is already open. 

error In describes error conditions that occur prior to the execution of this function. The default input of this cluster 
is no error. 

dup reference has the same value as reference. 
so error out contains error information. If error in indicates an error, error out contains the same error information. 
Otherwise, it describes the error status that this VI produces. 

Figure 19 - Property Node 

55 [0105] Figure 19 illustrates the Property node. The Property node sets (writes) or gets (reads) application, VI and 
VI object property information. Thus, the Property node may be used to create/edit a graphical program. For example, 
the property node may be used to change the color of a user interface object, etc. 

[0106] To select a specific property, the user pop ups on one of the name terminals and selects Properties. The 
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list of available properties to select from may depend on the type of object wired to the reference input. To set property 
information, the user pop ups and selects Change to Write. To get property information the user pop ups and selects 
Change to Read. Some properties are read only, so Change to Write cannot be seen in the popup menu. If the user 
desires to add items to the node, the user pop ups and selects Add Element or clicks and drags the node to expand 

5 the number of items in the .node. Theproperties are changed in the order from top to bottom. If an error occurs on one 
of the properties, the node stops at that property and returns an error. In this case, no further properties are handled. 
The error string reports which property caused the, error. If the small .direction. arrow on a property is on the left, then 
the property value is being set. If the small direction arrow on the property is on the right, the user is getting the property 
value. Each property name has a short or long name which can be changed by popping up and selecting Name For- 

10 mat. Another name format is no name where only the type is displayed for each property. 

The Property node may be used to access or affect a number of different properties, including VI (virtual instrument) 
and application properties. . ■ 

[0107] The inputs and outputs of the Property node are described below. 

is reference is the refnum associated with a VI object, VI, or a LabVIEW application Instance. 

error in describes error conditions that occur prior tothe execution of this function. The default input of this cluster 
is no error. 

dup reference has the same value as reference. 

error out contains errorJnformation. If error in indicates an error, error out contains the same error information. 
20 Otherwise error out describes the error status that this node produces. 

Figure 20 - Invoke Mnris 

[0108] Figure 20 illustrates the Invoke node. The Invoke node invokes a method or action on a VI or VI object. Thus,* * 
25 the Invoke node may be used to create/edit a graphical program. For example, a method may be invoked on a block 

diagram node ;to reposition. the node, wire.the node to;another node, etc. Most methods have parameters associated,. 

with them. To select the method, the user pops up anywhere on the node and select Methods. Once the user selects 

the method, the associated parameters appear in the node, as shown in Figure 20. The number of parameters shown 

may vary, depending on which method is selected. Each parameter may have an input terminal, output terminal, or 
30 both. An output terminal may be present for the return value of the method. The Invoke node may be usedto invoke a 

number of different methods, including VI (virtual instrument), Vi object, and application methods. 

[0109] The inputs and outputs of the Invoke node are as follows: 

reference is the refnum associated with a VI object, VI, or application on which the user desires to perform an 
as action. 

error in describes error conditions that occur prior to the execution of this function. The default input of this cluster 
is no error. 

dup reference has the same value as reference. 

error out contains error information. If error in indicates an error, error out contains the same error information. 
40 Otherwise error out describes the error status that this node produces. 

Fioure 21 - VI Server Refnum Controls 

[0110] Figure 21 illustrates user interface controls which may be placed on a front panel in order to interactively 
45 obtain a reference, such as a reference to a VI or an object of a VI. Figure 21 illustrates exemplary front panel refnum 
controls for Application, Generic VI, and Strictly-typed VI data types. It is noted however, that a graphical programming 
systemmay provide such front panel refnum controls for any of the various objects associated with a VI, including ter- 
minals, etc. As shown in Figure 21 , the image in each refnum icon indicates the type of the refnum. 
[0111] As shown in Figure 21, VI references may be sub-divided into two classes of Vis: the Generic VI and the 
Strictly typed VL In general, a Generic VI reference is used to perform editing operations (e.g., setting properties or 
invoking functions) on any VI, and a Strictly-typed VI reference is used to call a dynamically loaded VI as a sub-VI, and 
to perform operations that do not edit or change the VI. The Application class refnum icon displays the LabVIEW appli- 
cation icon. The Generic VI class refnum icon displays the VI file icon. The Strictly-typed VI class refnum icon depicts 
the connector pane that defines the class. 
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[0112] A front panel refnum provides a reference to an appropriate entity. TTius, the Application refnum provides a 
reference to a graphical programming application, e.g. a LabVIEW application, the generic VI refnum provides a refer- 
ence to a generic virtual instrument or generic graphical program, and the strictly typed VI refnum provides a reference 
to a specified graphical program or VI. Other types of ref nums provide references to their corresponding graphical pro- 
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gram objects. 

[01 1 3] In the preferred embodiment, the user selects a VI Server front panel ref num control and places this ref num 
control in a front panel of a VI. The user then configures the ref num to be an appropriate type, such as an Application 
refnum, a Generic VI refnum, a Strictly-typed VI refnum, or another type of refnum. Once the user has configured the 

s refnum control to the appropriate type, the refnum control takes on the respective appearance by the class selected by 
the user. For example, If the user drops the front panel refnum control on the front panel and configures the refnum to 
be of the Application class, the refnum takes on the Application icon appearance shown in Figure 21 . 
[0114] When the user drops or places the VI Server refnum in the front panel and configures the refnum, corre- 
sponding terminals appear in the block diagram. These terminals provide the Information on the application or graphical 

w program referenced by the refnum. 

Figure 24 - Programma tic Graphical Program Creation Example 

[0115] Figure 24 Illustrates an exemplary client graphical program that uses the nodes described above to dynam- 
is icalty create the graphical program of Figures 5A and 5B. Various sections of the Figure 24 program are labeled In the 
diagram with the purpose of the code. 

[01 1 6] As shown in Figure 24, a New VI Reference node is used to create a new graphical program. Since no appli- 
cation reference is passed to the New VI Reference node, the new graphical program is created by the default local Lab- 
VI EW application instance. The New VI Reference node outputs a reference to the new graphical program, and the 
20 Property node "reference" input receives this reference. The Property node sets properties of the graphical program, 
specifying that the user Interface panel window and block diagram window of the graphical program are open. As 
described above, a user may pop up a menu to select the desired property of an object to get or set. The list of displayed 
properties may vary according to what type of object the reference input references. 

[0117] After the graphical program has been created and modified as described above, a New VI Object Reference 

25 node Is used to create the Addition function node shown in Figure 58. 

[01 1 8] Next, the Open Vl Object Reference Node is used to obtain a reference to the "x" input terminal of the Addi- 
tion function node. The reference to the "x" input terminal is passed to an Invoke node, which creates a constant value 
of 2.0 that is wired to the "x" input terminal. As described above, a user may pop up a menu to select the desired method 
to invoke on an object. The list of displayed methods may vary according to what type of object the reference input ref- 

30 erences. Similarly, an Open VI Object Reference Node and an Invoke node are used to create a constant value of 3.0 
that Is wired to the "y" Input terminal of the Addition function node. 

[0119] Next, an Open VI Object Reference Node and an Invoke node are used to create a user interface indicator 
control that is wired to the output terminal of the Addition function node. 

[0120] Finally, a Property node is used to rename the label of the user Interface indicator control to, The result of 
35 2.0 + 3.0 was:", as shown In Figure 5A. Note that the reference to the user interface indicator control created by the pre- 
ceding Invoke node is wired as the input reference to this Property node. 

Figures 25 - 27: Programmatic Graphical Program Creation Example 

40 [0121] Figures 25 and 26 illustrate a slightly more complex example of a graphical program than the program of Fig- 
ures 5A and 5B. Figure 27 illustrates a client graphical program that uses the nodes described above to create the pro- 
gram shown in Figures 25 and 26. The client graphical program of Figure 27 may be created interactively by a user, as 
described above. 

[0122] Figure 25 illustrates a user interface panel which includes a waveform chart control and a button control. Flg- 
45 ure 26 illustrates a block diagram representing the execution and data flow of the program. Each of the user interface 
controls of Figure 25 has a corresponding user interface node in the Figure 26 block diagram. The rectangular object 
610 with the arrowhead is a while loop. The Icon 612 Is the condition terminal for the while loop 610. 
[0123] When this program is run, the graphical code shown within the while loop executes until the inputto the con- 
dition terminal 612 becomes false". As shown, the user Interface node 614 for the stop button is connected to a 
so boolean "Not" function. By default, the output of the stop button user interface node 61 4 is "false 1 : When a user presses 
the stop button, the output of the node 614 becomes "true", and the input to the condition terminal 612 thus becomes 
"false". When this happens, the program terminates, since in this example there is no additional code to execute after 
the while loop ends. 

[0124] The icon 616 represents a random number generator function node. The output terminal of the random 
55 number node 61 6 is connected to the input terminal of the waveform chart user Interface node 61 B. Thus, for each iter- 
ation of the while loop, a random number is generated and plotted on the waveform chart user interface control. Figure 
25 shows how the waveform chart may appear after several loop iterations. The icon 620 is simply a "wart" function icon 
with an input constant of 1 00, which causes a pause of 1 00 milliseconds for each loop iteration. 
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[0127] In section 2 of Figure 27, a New VI Object Reference node is used to create the waveform rh nrt ■ • ♦ 
IS in J' °! p 9 ^ B NSW V ' ° bjeCt Reference node is used to and position the while loop 

wmmmmmm 

35 r0«21 ln^^^^ 

method, the random number generator function node is connected to the waveform chart user interfaced 
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status of the program. 

[0139] Although this example is primarily concerned with creating a new graphical program, It is noted that the 
above-described functionality also enables programmatic editing of a graphical program. References to graphical pro- 
gram objects may be obtained, and various properties may be set and various methods may be invoked to move 
5 objects, resize objects, add/remove objects, reconnect objects, etc., similarly to the description above. In the preferred 
embodiment, any operation which a program developer may perform interactively may also be performed programmat- 
ically. 

[0140] The exemplary graphical programs of Figures 24 - 27 utilize the specific graphical programming API 
described above, i.e., the nodes shown in Figures 10-20. This particular graphical API is exemplary only, and many 
to alternative embodiments are contemplated. For example, instead of using property and invoke nodes such as 
described above, a graphical program may include other types of modify nodes to modify aspects of a newly created or 
existing graphical program. 

Texj-Baseo; Qljent Program 

75 

[0141] As described above, client programs may also be text-based programs. In the preferred embodiment, a text- 
based program may obtain a reference to a software component which includes an interface with functions or methods 
to perform the operations of the nodes described above. For example, a program may obtain a reference to an ActiveX 
component, where the interface forthe ActiveX component includes a CreateNewProgram method which is comparable 
20 to the New VI Reference node, a GetProgramObjectReference method which Is comparable to the Open VI Object Ref- 
erence node described above, etc. 

[0142] In the preferred embodiment, various types of software components are provided which enable programs of 
various languages executing on various systems to programmaticaily create/edit graphical programs. As is well known 
in the art, modem component-based software architecture and object oriented design techniques make it relatively 
25 straightforward to encapsulate portions of code and provide various interfaces<to the code. For example, a service to 
create/edit a graphical program may be exposed as an ActiveX component, a CORBA component, a Java component, 
etc. In the preferred embodiment, the implementation of the nodes described above and the implementation of compo- 
nents for use in text-based programs is based on a common code base. 

30 Configuring the VI Server 

[0143] As described above, in the preferred embodiment, the server program of Figure 7 is a LabVIEW application 
instance which comprises VI Server functionality. The user can configure which parts of the VI Server are available to 
other applications, as well as enable or disable particular protocols and specify which server resources are exported. 
35 This section describes VI Server configuration. 

1. Server Configuration 

[0144] To configure the server for external applications, the user selects Edtt»Preferences on the server machine 
40 and selects Server Configuration from the drop down menu. The dialog box appears as shown in Figure 28. 

[0145] The options shown in Figure 28 specify through which communication protocols other applications can 
access the VI Server TCP/IP or ActiveX protocols. If the user enables TCP/IP, the user must enter the Port number 
that client applications use to connect to the server. When the user allows other applications to connect using TCP/IP, 
the user should also configure which Internet hosts have access to the server. See the TCP/IP Access Configuration 
45 section for more information. For more information about the VI server ActiveX interface, refer to U.S. provisional patent 
application Serial No. 60/056,528 titled "System and Method for Accessing Object Capabilities in a Graphical Program" 
filed 8/21/97, whose inventors are Ram Kudukoli, Robert Dye, and Murali Parthasarathy, which is hereby incorporated 
by reference. 

[0146] With Server: Configuration selected, the user also specifies which server resources are available to appli- 
so cations that access the VI Server. The following server resources are available: 

VI Calls allows applications to make calls to Vis on the server. When the user allows other applications access to 
Vis, the user should also configure which Vis they have access to. See the section Exported Vis Configuration for 
more information. 

55 VI Methods and Properties allows applications to read and set the properties of Vis on the server. When the user 
allows other applications access to Vis, the user should also configure which Vis they have access to. See the Sec- 
tion Exported Vis Configuration for more information. 
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[0147] Application Methods and Properties allows applications to read and set the properties of the server 

• °l 48l u, . ' Vu^ eXamp ' e ° f RgUre 28 ' TCP/IP server 800688 is enabled for P° rt 51 51 and the ActiveX server access 
is disabled. The server allows remote clients to call Vis, but does not allow access to VI or application methods and 
properties. ' 

f? 1 .t!L J The defeUlt server swings have ActiveX enabled and TCP/IP disabled. By default, VI Calls is enabled but 
VI Methods and Properties and Application Methods and Properties are disabled. 

2. Exported Vis Configuration 

[0150] The user may specify which Vis remote applications can access. To configure the exported Vis the user 
selects EdH»Preferences on the server computer, then selects Server: Exported Vis from the drop down menu The 
dialog box appears as shown in Figure 29. Although not shown in Figure 29, the usermay also specify various options 
which allow or disallow client programs to perform particular operations regarding creating/editing graphical programs 
For example, the user may set up the server to allow clients to create new programs, but disallow the editing of existing 
programs, or the user may set a password required to edit existing programs, etc. 

E! 151l u tl . 1 ?,?o SerVer: ^P 0 "" 1 Vls options allows theiuserto specify which Vis : other applications can access 
through the VI Server. The Exported Vis list specifies which Vis are exported. To change an entry, the user selects it 
from the.Ust, then types into the text box at the tight of the.Exported Vis list. To specify whether remote. computers can 
or cannot access that VI, the user clicks on the Allow Access or Deny /Access radio buttons. The user clicte the Add 
button to insert a new entry after the current selection. The user clicks the Remove button to delete the current selec- 
lon. The user clicks and drags an entry to change its position within the Exported Vis list. If an entry allows access to 
Vis, a check mark appears next to the entry. If an entry denies access to Vis, a "cross our symbol appears next to the 
entry. If no symbol appears next tothe entry the syntax of the entry is incorrect . . , ... ■ 
[0152]^ >• Each entry in the list describes a VI name ora VI path and may contain wildcard characters (see me para- 
graph below on wlldcard characters),Entrles : that« ) ntaln path separators are compared against VI paths, while entries 
that do not contain path separators arecompared against VI names only. When a remote client tries to access a. VI the 
server examines the Exported Vis list to determine whether, to grant access to the, requested VI. If an entry in the list ' 
matches the requested VI, the server either allows or denies access to that VI, based on how that entry. is set up rf a 
subsequent entry also matches the VI, its access permission is used in place of the previous permission. If there is not 
a vi in the list that matches the requested VI, access to the VI is denied. .. 
[0153] As mentioned earlier, the user can use wildcard characters in the Exported Vis list so an entry in the list 
matches more than one VI. The following wildcard characters can be used: 

'T "istches exactly one arbitrary character, except for the path separator. 

^ matches zero or more arbitrary characters, except for the path separator. 

***' together match zero or more arbitrary characters, including the path separator. 

[0154] If the user wants to match a VI with a name that contains a wildcard character, the user must escape that 
character using V on the Macintosh and UNIX platforms, and using on Windows. . 

[0155] The following tables shows some examples of Exported VI list entries. The examples use UNIX path seDa- 

rators. ^ K 
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Table 1 




Server: TCP/IP Access Entries 


* 


Matches all Vis 


/usr/labview/* 


Matches all Vis in the directory /usr/labview/. 


/usr/labview/* * 


Matches all Vis in the directory /usr/labview/ and any of its sub-directories. 


Testvi 


Matches any VI named Testvi". 


*export* 


Matches any VI with a name that contains the string "export". 


OKY? 


Matches any VI with the name OK?. 



[0156] In Figure 29, all Vis in the C: \labview\server directory are exported. All Vis in the c: MabviewVtest directory 
and all its sub-directories are exported as well, with the exception of the VI crMabviewttesftprivate.vi. Additionally, any VI 
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that begins with the string srvr_ and ends with the string .vi is exported. No VI that begins with the string local_ and ends 
with the string .vi is exported, even if it is located within the c: \Iabview\server directory. 
[0157] The default Exported Vis settings allow access to all Vis. 

5 3 TCP/IP Acce ss Configuration 

[0158] When the user allows remote applications to access the VI Server using the TCP/IP protocol, the user 
should specify which Internet hosts have access to the server. To configure the clients that have access, the user 
selects Edlt»Preferences on the server machine and selects Server: TCP/IP Access from the drop down menu. The 

w options appear in the Preferences dialog box as shown in Figure 30. 

[0159] Selecting Server: TCP/IP Access allows the user to specify which clients can access the VI Server. The 
TCP/IP Access List describes clients that either have access to or are denied access to the LabVIEW server. To change 
an entry, the user selects it from the list, then types into the text box at the right of the TCP/IP Access List The user 
clicks on the Allow Access radio button to allow the client to access the server. The user clicks the Deny Access radio 

is button to deny the client access to the server. The user clicks the Add button to insert a new entry after the current 
selection, the user clicks the Remove button to remove the current selection from the list. The user clicks and drags an 
entry to change its position within the TCP/IP Access List. If an address is allowed access, a check mark appears next 
to the entry. If an address is denied access, a "cross ouf symbol appears next to the entry. If no symbol appears next 
to the entry, the syntax of the entry is incorrect. 

20 [0160] When a client tries to open a connection to the server, the server examines the entries in the TCP/IP Access 
List to determine whether it grants access to the client. If an entry in the list matches the client's address, the server 
either allows or denies access, based on how the user set up the entry. If a subsequent entry also matches the client's 
address, its access permission is used in place of the previous permission. (For example, in Figure 29 above, 
a.testsite.com in the TCP/IP Access List is allowed access even though the list indicates that all addresses ending in 

25 .testsite.com are not allowed access. See the paragraph on wildcards later in this document) If no entry matches the 
clients address, access is denied. 

[0161] An Internet (IP) address, such as •130.164.123.123', may have one domain name (such as "www.nat- 
inst.com") or more associated with it. The conversion from a domain name to its corresponding IP address is called 
name resolution. The conversion from an IP address to its domain name is called name lookup. 

30 [0162] Name lookups and name resolutions are done through system calls that access domain name system 
(DNS) servers on the Internet A name lookup or resolution can fall when the system does not have access to a DNS 
server, or when the address or name is not valid. A resolution problem occurs when an entry contains a domain name 
that cannot be resolved into an IP address. A lookup problem occurs when an entry contains a partial domain name, 
such as ■.natlnstcom", and the lookup for the clients IP address fails. 

35 [0163] 1 The Strict Checking option determines how the server treats access list entries that cannot be compared 
to a clients IP address because of resolution or lookup problems.-When Strict Checking is enabled, a denying access 
list entry in the TCP/IP Access List that encounters a resolution problem is treated as if it matched the clients IP 
address. When Strict Checking is disabled, an access list entry that encounters a resolution problem is ignored. 
[0164] To specify an Internet host address, the user enters Its domain name or IP address. The * wildcard can be 

40 used when specifying Internet host addresses. For example, the user can specify all hosts within the domain 
domain.com with the entry * .domain.com. The user can specify all hosts in the subnet whose first two octets are 
130.164 with the entry 130.1 64.*. The entry * matches all addresses. 
[0165] The following table shows some examples of TCP/IP Access List entries. 



Table 2 



Server: TCP/IP Access 


* 


Matches all hosts. 


test.site.com 


Matches the host whose domain name is testsite.com. 


\site.com 


Matches all hosts whose, domain name ends with \site.com. 


130.164.123.123 


Matches the host with the IP address 130.164.123.123. 


130.164.123* 


Matches all hosts whose IP address starts with 130.164.123. 



[0166] In Figure 30, all hosts in the slte.com domain have access to the server, with the exception of all hosts in the 
test.site.com domain. Additionally, the hosts a.testsite.com, b.testsite.com and 130.164.123.123 have also access to 
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Claims ■■ , 

20 1. Acomputer-implementedmemodforprogmmmaticallycrBat.ngagmphi^ 

creating a first program, wherein the first program specifies creation of a new grap'hfcal.program -wherein the 
first programs executable to programmatically create the new graphical program 
executing the first program; and program, . .. 

programmatical* creating the new graphical program In response to said executlng the flrat program. ' 
2. A system for programmatically creating a graphical program, comprising: " ;** ' . 

a computer system including a CPU and memory; 

wherein the memory stores a first program, wherein the first program specifies creation of a new oraohicaJ oro 

«. 11» met** orqMm of „» «, oi.1™ , or 2 , „. ^ prosim fe a ^ 

wherein said fct computing environment ie connected to e escort oomputlng. enrtmnment 
wherein the new graphical program is created in the second computing environment 
8 ' 2mp n ;2 d " ^ ° f ^ ° f daimS 1 " 2 ' Wherei " SaW the new graphical program 
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creating a plurality of graphical program objects in the new graphical program in response to said executing the 
first program; and 

interconnecting the plurality of graphical program objects in the new graphical program in response to said exe- 
cuting the first program; 

5 wherein the interconnected plurality of graphical program objects comprise at least a portion of the new graph- 

ical program. 

9. The method or system of any of claims 1 or 2, wherein said programmatically creating the new graphical program 
comprises: 

10 

creating one or more user Interface objects in response to said executing the first program, wherein the one or 
more user interface objects perform one or more of providing input to or displaying output from the new graph- 
ical program. 

is 1 0. The method or system of any of claims 1 or 2, wherein, in response to said executing the first program, the first pro- 
gram is operable to interface with a server program; 

wherein the server program is operable to programmatically create the new graphical program in response to said 
interfacing. 

20 11. The method or system of claim 10, wherein the server program is an application instance of a graphical program- 
ming development environment 

12. The method of claim 10, 

wherein said executing the first program occurs on a first computer system; 
25 wherein the server program executes on a second computer system. 

13. The system of claim 10, wherein said computer system Is a first computer system, the system further comprising: 

a second computer system including a CPU and memory; 
30 wherein the first computer system is connected to the second computer system via a network; 

wherein the memory of the second computer system stores the server program; 

wherein the CPU of the second computer system is operable to execute the server program to programmati- 
cally create the new graphical program in response to said interfacing. 

35 14. The method or system of any of claims 1 through 8, wherein the first program is a first graphical program. 

15. The method or system of claim 14, wherein the first graphical program includes at least one object creation node 
for programmatically creating at least one graphical program object in the new graphical program; 

wherein said programmatically creating the new graphical program comprises including the at least one graphical 
40 program object In the new graphical program In response to said executing the first graphical program. 

16. The method or system of claim 15, wherein the first graphical program further includes a property node; 
wherein the property node is operable to get or set a property of the graphical program object in response to said 
executing the first graphical program. 

45 

17. The method or system of claim 15, wherein the first graphical program further includes an invoke node; 
wherein the Invoke node is operable to Invoke a method on the graphical program object in response to said exe- 
cuting the first graphical program. 

so 18. The method or system of claim 1 7, wherein the invoked method connects the graphical program object to another 
graphical program object in the new graphical program; 

wherein said connecting the graphical program object to said another graphical program object comprises connect- 
ing an input of the graphical program object to an output of said another graphical program object 

55 19. The method or system of claim 14, wherein the first graphical program includes a graphical program creation node 
for programmatically creating the new graphical program; 

wherein the first graphical program includes at least one object creation node for programmatically creating at least 
one graphical program object in the new graphical program; 
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wherein said executing the first graphical program includes: 

zzzzttzzss^jr* said the 9raphicai program — - ode 
^^^^^zzr the obieot creation node causes inc,usion — 

20 ' med ! um ( . com P risin 9 a flret P^gram, wherein the first program specifies creation of a new graphfcal oro- 

gmm. wherem the first program is executable to programmatically create the new graphical program 

21 ' 2w ZZZT"*™ ° f I 8 "" 20 ' WhSrein *" P ro 9 rammat,ca »y mating the new graphical program creates the 
new graph>cal program without any user input specifying the new graphical program during sa°d creating 

**■ ^3^/1^ ^ 7 20 ° r 21 ' WherBin the neW graphioal «"P*" * Plurality of inter- 

connected nodes which visually indicate functionality of the new graphical program. . .. 

23. The memory medium of any of claims 20 through 22, wherein the new graphical program comprises a diaaram nor 
ton compnsing a plurality of interconnected nodes and a user interface Zrtion 9 P 

*> t^r^^^^ 9 ^^^ Pragram includes *e block diagram portion and 

24 " ° f ^ - C ' a,mS 20 ^ ^ Where ' n ^ P"""™^ mating the new graphical 
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program comprises 

ZIZZZ^ C ? ati " 9 8 P,Urality ° f 9raphiCal pr0gram °* cte ln ,he new graphical program; and 
IZIES?* ,nte,C ° n " e f ,n 9 * e P lural «V «* graP^' Program objects in the new graphics program- 
So^ P * ^ C ° mpriSe at ,east a P° rtion of ^ "Sw*- 

30 25. A computer-implemented method for programmatically modifying an existing graphical program, comprising: 

creating a first program, wherein the first program includes a reference to the existing graphical oroaram 
wherein the ftrat program is executable to pmgrammatical* modify the existing graphll'p^ P 9 ' 
executing the first program, and p'ugram, 
35 programmatically modifying the existing graphical program in response to said executing the first program. 

26. A system for programmatically modifying an existing graphical program, comprising: 
a computer system including a CPU and memory; 

wherein the memory stores a first program, wherein the first program includes a reference to the existJno 
KSS P,09ram ' Wh6rein flret Pro9ram fe eXe ° Utable 10 Pr °«-'V ™d*y iTSS^gSS 
wherein the CPU is operable to execute the first program to programmatically modify the existing graphical pro- 

27. The method or system of any of claims 25 or 26, wherein said programmatically modrfvina the existina amnhM 
tloncompiWnsspliiiaityMirMnsonneaednoifcs and a user Meifece ponkxr ™" 

55 ^£E£££ modHying the 9raph ""' program includes modByin9 1,16 diagram po " on 

30. The method or system of any of claims 25 or 26. wherein the existing graphical program includes a plurality of 
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graphical program objects; 

wherein said modifying the existing graphical program comprises modifying one or more graphical program objects 
in the existing graphical program in response to said executing the first program. 

5 31. The method or system of any of daims 25 or 26, wherein the existing graphical program includes a plurality of user 
Interface objects; 

wherein said modifying the existing graphical program comprises modifying one or more user interface objects in 
the existing graphical program in response to said executing the first program. 

io 32. The method or system of any of claims 25 through 31 , wherein the first program is a first graphical program. 

33. The method or system of claim 32, wherein the first graphical program includes at least one modify node; 

wherein the modify node is executable to modify one or more graphical program objects in the existing graphical 
program. 
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user creates or edits a user 
interface panel for controls 
and indicators 
420 



user adds objects to or edits objects 
of the graphical program, such as 
functional blocks and programmatic 
k l structures 
• 422 



user connects graphical 
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user saves or runs the 
graphical program 
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Figure 4 
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error out 



Figure 10 



Open VI Reference Node 



type specifier 
application reference (local) 
VI name or path 

error in (no error) 
password - 




application reference 



error out 



Figure 11 
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New VI Reference Node 
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Figure 12 
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error out 



Figure 13 
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Figure 14 
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Downcast Reference Node 
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Figure 16 
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error out 



Figure 17 
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Figure 18 
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Figure 19 
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Figure 20 
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